Introduction
In 1959 Russell and Burch published their milestone book entitled "The Principles of Humane Experimental Technique", in which they introduced the 3Rs (replacement, reduction, refinement) that continue to have a major influence on regulations and ethical principles regarding research involving animals. The goals of the 3Rs are to replace animal tests with animal-free methods whenever scientifically justifiable, to reduce the number of animals while maintaining a reliable scientific outcome, and to use refined methods that minimize or eliminate potential pain, suffering or distress experienced by experimental animals (Russell and Burch, 1959) .
Of the 11.5 million animals utilized for experimental and other scientific purposes in the EU during 2011, approximately 1 million were used in toxicological studies or safety evaluations (EC, 2013 
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tive, is currently the most common approach to determine the acceptability of animal use (Vieira de Castro and Olsson, 2015) . Utilitarianism is the ethical theory that assesses alternatives for human action on the basis of the total positive effects minus the total negative effects of each alternative. As an ethical theory, it is by no means uncontroversial. Its application to human welfare has been criticized as being insensitive to the distribution of welfare as well as to issues such as rights, consent and intentionality. On the other hand, utilitarianism is remarkably adaptable and it has also been subject to the opposite critique of being so capable of different interpretations that it is almost empty of content (Hansson, 2014) . However, in general terms, utilitarianism is an obvious reference point in moral philosophy. For our present purposes, we will therefore assume that considerations of animal welfare have a utilitarian structure. Several laws and guidelines provide guidance for the assessment and classification of animal harm. There are similarities in the types of classification, mostly mild to severe, and in how types of experimental procedures causing pain, suffering or distress are classified in different countries (Purves, 2000) . In the EU Directive on the protection of animals used for scientific purposes (EU, 2010) examples of mild, moderate and severe experimental procedures are listed, and at implementation of this legislation in 2013, a detailed guidance document (EC, 2010) illustrating how to set up processes of severity classification, day-to-day assessment and actual severity assessment in different research areas was developed. It aims at refining the experimental situation for research animals, assessed by clinical observations, e.g., body weight, coat condition, body function, behavior and locomotion, and appropriate endpoints. Similar clinical scoring sheets were developed previously for the assessment of pain, distress and suffering of individual animals (Morton and Griffiths, 1985; Scharmann, 1999) and groups of animals (Leach et al., 2008) .
However, to estimate the total ethical cost of experimental animals and weigh it quantitatively against the scientific gain, cardinal measures with ethical weights on a ratio scale are required. Such a measure should have the following two key properties: Firstly, the value assigned to the ethical cost of using an individual animal should be proportional to the ethical severity of that use. For instance, if a measurement of animal suffering yields an ethical weight of 6 in one case and the value 3 in another case, then the suffering should be judged to be twice as severe in the one case in comparison to the other. Secondly, a practicable measure should be additive with respect to individual animals. In other words, the severity of exposing several animals to distress should be equal to the sum of the severities for each individual animal, i.e., when a group of animals is exposed to the same treatment, the severity is proportional to the number of animals in the group.
The main objective of the current investigation was to explore the assignment of cardinal ethical weights to clinical signs in animal experiments and to contribute to the development of more efficient harm-benefit analyses in this context. In addition, we investigated how groups of laypersons and researchers perceive and rate different clinical signs of toxicity in experimental animals.
The ethical costs of animal experimentation have several components. Unquestionably, one central component is suffering or, more generally, negative experiences of individual animals. Appraisal of the suffering incurred in any given experiment will have to include both the suffering of each individual animal and the number of animals subjected to this level of suffering. However, it is not obvious how the number of animals and the degree of distress should be weighed against each other, and there is a lack of guidance on prioritizing between the 3Rs when they are in conflict, e.g., how to trade-off a reduction of animal numbers against higher levels of suffering per animal (de Boo et al., 2005) . A report from the Nordic-European Workshop on Ethical Evaluation of Animal Experiments maintained that more emphasis should be placed on the level of suffering than on the number of animals (Voipio et al., 2004) , and similarly the Swiss Academy of Medical Sciences (SAMS) stated:
"If the suffering of individual animals can be reduced significantly through the use of a larger number of animals, the reduction of individual suffering shall take priority over the reduction of the number of animals used in the experiment" (SAMS, 2005) . However, it remains unclear by how much suffering must be reduced for this to apply. Further, the evaluation of the extent of suffering based on various signs and degrees of distress requires expert judgment and cannot always be estimated correctly during design of a study.
Laboratory animals are bred for a specific purpose. Thus, laboratory animals "saved" by choosing an experimental setup with fewer animals will not be released, but simply used in another experiment. In the long run, choosing a setup with fewer animals will lead to fewer experimental animals being brought into existence. Sandøe and Christiansen explored the quality and quantity of life concept by discussing differences in how quality is weighed against quantity for animals bred for science and food with pets and humans (Sandøe and Christiansen, 2007) . Decisions about euthanizing an animal by a veterinarian or a researcher or, more controversially, a terminally ill human patient by a doctor, may reflect a view where only quality of life matters, while other views also include quantity of life, i.e., consider that life itself has a value. Related issues regarding the quantity and quality of life of both farm animals and laboratory animals and the consequences of different ethical perspectives have also been discussed in more detail by Franco and colleagues (2014) .
The question of individual distress versus the number of animals can also be viewed as analogous to the person trade-off questions designed to determine disability-adjusted life years (DALY) or quality adjusted life years (QALY) for humans (Gold et al., 2002) . In these assessments, trade-off respondents are asked, e.g., if they would choose to cure a few patients whose health is very poor or a larger number in somewhat better health, given that the cost of treatment for both options is the same (Nord, 1995) .
The use of animals in research, safety assessment, and education is regulated by national laws worldwide. Weighing suffering against benefit, a predominantly utilitarian perspec-are enriched with a plastic nest box, paper nesting material and wooden sticks for gnawing, and the animals have free access to food and water. The participants were then introduced to the trade-off methodology and asked to compare the ethical cost of various clinical signs exhibited by an animal under the described circumstances (Tab. 1). All the clinical signs and their durations were chosen in consultation with laboratory animal veterinarians and toxicological scientists, on the basis that they may potentially occur in toxicological studies and that they are probably dose dependent. Any two clinical signs designated as "severe" are not necessarily equally severe, but they are more likely to occur at higher doses than their milder counterparts. The participants were asked specifically to only consider animal ethics when answering the questions and to ignore other factors like financial cost or scientific value.
The trade-off questions concerned nine pairs of clinical signs, one mild and one severe, the latter being more intense and/or lasting longer. The relative ethical cost of having animals experience the mild, severe or no clinical sign at all were evaluated using trade-off questions that were framed as follows:
(
a) How many animals experiencing [mild tremor during 4 hours] would entail the same ethical cost as 10 animals experiencing [severe tremor for 4 hours]? (b) How many animals with no clinical sign would entail the same ethical cost as 10 animals experiencing [mild tremor]? (c) Your answers would imply that (calculated by the interviewer) animals with no clinical signs would entail the same ethical cost as 10 animals experiencing [severe tremor for 4 hours]. Is that a satisfactory number or do you wish to change answer (a) or (b)?
During the interview these same three questions were repeated for each of the nine pairs of clinical signs. At the end of the interview, all of the answers to question (c) were repeated again to give the participants the opportunity to change their answers if they had changed their opinions concerning any of the clinical signs during the interview.
Data analysis
All answers were converted to ethical weights, with one animal showing no clinical sign being assigned a weight of 1. Thus, if 25 animals with no clinical sign have the same ethical cost as 10 with mild tremor, the ethical weight of mild tremor would be 2.5. Accordingly, the higher the weight the more serious a clinical sign is considered to be and an interviewee who assigned higher weights in general favors refinement over reduction.
A descriptive analysis of the data was performed and the weights assigned by researchers, political nominees and representatives of animal welfare organizations were compared employing Kruskal-Wallis tests with the kruskal.test function in the R package stats (R Core Team, 2013) with a p-value of < 0.05 being considered statistically significant.
Methods

Description of Swedish Animal Ethics Committees and selection of test participants
To receive ethical approval for an experiment involving animals, the potential benefit of the experiment must outweigh the harm to the animals, according to EU Directive 2010/63/ EU (EU, 2010). In Sweden, applications for such an approval are assessed by regional Animal Ethics Committees, each led by a judge and composed of twelve other members including researchers (6), politically nominated laypersons (4), and representatives of animal welfare organizations (2). Each member has a personal alternate member. In total, there are 230 members and alternate members. 217 of these were invited by e-mail to take part in a telephone interview. Twelve members were not contacted, either because we were unable to retrieve their contact information or because the position was vacant at the time. One member was excluded because she had previously provided advice on the design of this study.
The participants were informed that the overriding goal of our project was to improve the situation of animals in toxicological tests while, at the same time, maintaining or even improving the scientific quality and that an important aspect was to determine how symptoms in experimental animals are valued ethically and graded by different individuals. The participants received no compensation for their participation and were informed that they could withdraw at any time.
Interview participants
Fifty-five committee members agreed to be interviewed. Eight of them (5 researchers, 1 politically nominated layperson and 2 laypersons nominated by animal welfare organizations), found it too difficult to make the trade-offs and withdrew their participation during the interview. The remaining 47 participants (26 men and 21 women, average age 55 years) consisting of 22 researchers, 18 political nominees and 7 representatives of animal welfare organizations completed the interview (average duration 28 min). None of the judges agreed to be interviewed.
Trade-off scenarios
The participants' views on the relative ethical costs of animal experiments were evaluated on the basis of trade-off questions, similar to person trade-off (PTO) questions employed in healthcare to determine quality of life (Nord, 1995; Prades, 1997 trend that the political nominees assigned lower weights than members of the other two groups, with median weights in the range of 2.0-3.5 for mild and 4.0-11 for severe clinical signs.
The corresponding values assigned by researchers were somewhat higher, in the range of 2.5-8.0 and 9.5-32, while those for the representatives of animal welfare organizations were 2.0-10 and 8.0-50, respectively. Of the clinical signs, hunched posture was assigned the highest weight in general with median weights of 4.0 for the mild (duration 30 min) and 20 for the severe clinical sign (duration of 4 h) variant, followed by decreased motor activity with median
Results
As can be seen in Figure 1 , the weights assigned differed widely among the participants. One researcher and one political nominee assigned a weight of 1 to all of the clinical signs. In addition, three researchers, one political nominee and two representatives of animal welfare organizations gave infinite weight to all of these signs.
The Kruskal-Wallis analysis revealed no statistically significant differences between the ratings of the groups with respect to any of the clinical signs. There was however a non-significant 
Mild clinical sign
The animal has a loss of ability to coordinate voluntary movements, resulting in walking difficulties and unsteady movements. The animal is still able to eat and drink and perform its natural behavior. Duration 4 h.
The animal shakes/shivers. The animal is still able to eat and drink and perform its natural behavior. Duration 4 h.
The animal has occasional involuntary and abnormal muscular contraction in one located muscle group. The animal is conscious during the spasm. Duration: Up to 10 sec.
The back is abnormally arched in a concave manner, usually associated with poor condition. Duration: 30 min.
The animal's activity, e.g., movement, is decreased compared to normal. The animal becomes active following stimulation such as noise or physical interaction with animal technician. Duration: 30 min.
The animal breathes slightly faster, slower or more irregularly compared to normal. Duration: A couple of min. 5% weight loss during one week.
The animal has fur standing on end. Often observed in animals with deteriorated condition and/or when cold. Duration: 30 min.
The animal has red discharge from the nose and eyes, usually related to stress and/or disease. The discharge (red tear fluid, not blood) results in staining of the fur. Duration: 30 min.
Severe clinical sign
The animal has a loss of ability to coordinate voluntary movements, resulting in walking difficulties and unsteady movements. The ataxia affects the ability to perform natural behavior, e.g., reduced food and water consumption could be observed until the clinical sign declines. Duration 4 h.
The animal shakes/shivers. The shivering affects the ability to perform natural behavior, e.g., reduced food and water consumption could be observed until the clinical sign declines. Duration 4 h.
The animal has convulsions in all parts of the body. The animal is unconscious during the convulsions and i s not affected afterwards. The convulsions are equivalent to a short epileptic seizure. Duration: Up to 10 sec.
The back is abnormally arched in a concave manner, usually associated with poor condition. Duration: 4 h. The animal's activity, e.g., movement is decreased compared to normal. The animal becomes active following stimulation such as noise or physical interaction with animal technician. Duration: 4 h.
The animal has breathing difficulties with forced breathing. The animal breathes through the mouth instead of the nose. Duration: A couple of min. 10% weight loss during one week.
The animal has fur standing on end. Often observed in animals with deteriorated condition and/or when cold. Duration: 4 h.
The animal has red discharge from the nose and eyes, usually related to stress and/or disease. The discharge (red tear fluid, not blood) results in staining of the fur. Duration: 4 h.
Discussion
We interviewed members of the Swedish Animal Ethics Committees to see how they evaluate the relative ethical costs of different clinical signs that can occur in laboratory animals during regulatory toxicity testing. This group consisted of researchers, political nominees and representatives of animal welfare organizations with experience in weighing animal suffering against weights of 4.0 and 16 for the mild (duration 30 min) respectively severe (duration 4 h) clinical sign (Fig. 1) . Weight loss was assigned the lowest median weights, i.e., 2.0 as the median weight for mild (-5% in one week) and 5.3 for severe weight loss (-10% in one week). In general, the mild signs were perceived as entailing similar ethical costs with median weights between 2.0 and 4.0, whereas there were larger differences ranging from median weights between 5.3 and 20 for the signs classified as severe. Fig. 1 : Boxplot of the distribution of ethical weights assigned to each clinical sign by all 47 participants, the 22 researchers, the 18 political nominees and the 7 representatives of animal welfare organizations The black line indicates the median weights, the lower and upper end of the boxes the 25 th and 75 th percentiles, respectively, and the whiskers the minimal and maximal values, respectively. An ethical weight of 10 means that one animal experiencing that sign under the circumstances described entails the same ethical cost as 10 animals free from clinical signs. The infinite maximal values reflect the fact that certain participants felt that it is always better to allow more animals to experience less distress than fewer animals to experimence more distress, regardless of the magnitude of distress. The exact weights can be found in the supplementary materials (https://doi.org/10.14573/altex.1512211s).
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more important in relation to refinement than for mice or rabbits. This difference in ethical weights assigned to different species is in need of further empirical investigation.
In the present study, body weight loss was assigned the lowest ethical weight. The limits for acceptable body weight loss were recently challenged in short term studies (up to 7 days) designed to determine the maximum tolerated dose (MTD) for subsequent regulatory testing of the toxicity of pharmaceuticals. The authors stated that a limit at a 10% body weight loss is scientifically and ethically more accurate than the previous practice of accepting body weight losses of over 20% with consequently higher degrees of animal suffering and an exceeded MTD (Chapman et al., 2013) . The low rating of weight loss in our study, with the median ethical weight for severe weight loss of 10% only at 5.3, might be anthropomorphic since many humans would not mind losing a few kilos of weight themselves.
The ethical costs of tremor, piloerection, porphyria and convulsion, all representing clinical signs of systemic toxicity and general malaise, were scored with an ethical mean weight between 10 and 16. Hunched posture, which might be more related to pain than to general malaise, was rated highest by the interviewees and scored a mean ethical weight of 20. These severe signs, including body weight loss, are placed in the category "substantial severity" for dose setting in toxicity testing, and doses giving rise to these should be avoided due to risks of too negative effects on animal welfare (NC3R/LASA, 2009). There are no points or numbers related to the clinical signs in the LASA guide, but the signs are grouped into categories with different severity grades (mild, moderate and substantial), and there is quantitative guidance where one sign in the substantial category equals combined signs in the moderate category.
In a similar way, guidance to determine humane endpoints based on severity categories and points is used for decision making regarding pre-terminal euthanasia in animal research in Sweden (Karolinska Institutet, 2016) . According to this guidance a mild clinical sign equals 0.1 points and a severe sign equals 0.4 points. When an individual animal reaches a predefined sum of points, usually 0.4 depending on the type of study, the humane endpoint is reached. While these assessment tools are quantitative, or at least semi-quantitative, they are designed for assessing the health of an individual animal and not designed for evaluation of reduction versus refinement.
Various other systems of categorizing the suffering of laboratory animals according to severity have been proposed in the scientific literature. Gradings of the severities of specific experimental procedures as well as assessments of clinical and behavioral changes in relation to duration are commonly weighed against the scientific benefit of the animal use (Stafleu et al., 1999; Delpire et al., 1999; Purves, 2000; Porter, 1992) . None of these hold the cardinality property (i.e., proportionality) that is needed to fulfill the needs outlined here. For instance, in the scheme proposed by Stafleu and colleagues, the use of 10 animals costs 0 points, using 10-100 costs 1 point, and using more than 100 animals costs 2 points. Systems as this one are problematic in that a considerable reduction in the number of animals subjected to a treatment (e.g., a reduction from 90 to scientific gain. The composition of the group of interviewees was fairly similar to that of the committees. It included participants from all regional committees, and both genders were represented. Eight (of the original 55) participants found it too difficult to answer the questions and therefore dropped out of the interview.
In general, representatives of animal welfare organizations and researchers tended to assign higher ethical weights than the political nominees, although these differences were not statistically significant. The ethical weights assigned by the different participants varied greatly, some assigning a weight of 1 and others infinite weight to all clinical signs. There appears to be no strong association between assigning such extreme weights and belonging to a specific group of committee members. Indeed, the ethical views differed more within the groups than between them. While the clinical signs were defined and described in the same manner to all participants, they may still have been interpreted differently, resulting in different ethical weights. However, since members of the ethical committees routinely discuss clinical signs and animal welfare with one another, the differences in their interpretations are likely to be smaller than if one asked the general public.
Two of the 47 participants, one researcher and one political nominee, consistently valued the rats displaying no, mild or severe clinical signs as entailing the same relative ethical cost, i.e., in their opinion no difference in symptoms is large enough to outweigh the increase in ethical cost from using more animals. From this perspective, the number of animals in a study always determines its ethical cost. All the other participants accepted at least to some extent that the use of more animals could reduce the ethical cost if the degree of distress per animal was lower.
Six participants assigned infinite weights to all clinical signs. They also said that it is the experience of the individual animal that counts and therefore it is always better to have more animals experiencing little distress than fewer animals experiencing more distress. From this perspective, the ethical cost of a study would always be determined by the animals that are worst off. This viewpoint corresponds roughly to the Rawlsian viewpoint on the welfare of human societies, according to which the welfare in a country can be judged on the basis of the situation of inhabitants who are worst off (Rawls, 1971) .
Thus, in total, 16 out of the 55 interviewees (29%) either refused to trade off or gave ethical weights of 1 or infinity. This is in line with results from applications with the person trade-off approach to decisions concerning the health of humans. In such a study investigating the phenomenon, 22-47% refused to trade off or gave off-scale answers depending on the question and how it was framed (Damschroder et al., 2007) .
The balance between reduction and refinement also was recently investigated by . In their study, 206 students taking a course in Laboratory Animal Science were asked whether they would prefer to perform a considerably stressful and painful experiment with no permanent effects 20 times on one mouse or once on 20 different mice. A slight majority preferred the second scenario. For animals with a higher sentience or status (chimpanzees or dogs), reduction was considered toxicity. It remains to be determined how ethical weights might influence this conclusion. Gabbert and van Ierland discuss how analysis of cost-effectiveness can include both economic and animal welfare goals, and these investigators have developed a three-dimensional extension of the standard cost-effectiveness analysis. However, in their model the total number of animals served as a proxy for animal welfare.
The ethical weights derived in the current investigation focus on single clinical signs in toxicity testing. Future research may cover more symptoms as well as combinations of symptoms. A similar procedure for deriving ethical weights might also be applied to the vast majority of animal-based experiments, e.g., animal models of disease. In that case, the ethical weights can also be used in post-experimental evaluations, for instance to estimate the total ethical cost of animal experiments.
Quantitative scoring schemes have met resistance on the grounds that harms and benefits are not quantifiable and comparable in the necessary way (Vieira de Castro and Olsson, 2015) . Quantitative scoring schemes have also been criticized for giving a false sense of accuracy and objectivity (Voipio et al., 2004) . Our ethical weights can of course be put to question, but are less open for the criticism regarding comparability, relative to the scoring schemes proposed by others, as our weights do not compare harms and benefits. Our weights presented are however equally open for criticism concerning accuracy, and the variation in the answers given by the participants indicates that they are not very accurate. On the other hand, qualitative statements about reduction and refinement lack specificity, transparency and/or evaluability. Also, as we have shown with examples, qualitative statements are not sufficient to guide experimental design and alternative assessments.
Trade-off methodologies, such as the one employed here, do indeed have weaknesses, for instance they are prone to be dependent on numerical anchoring (Ubel et al., 2002) . That is, answers can be anchored on earlier answers or numbers given by the interviewer. In the present study, participants could not anchor their answer to a number given by the interviewer but rather had to state their point-of-indifference directly. On the other hand, directly stating a point-of-indifference can also be difficult. Also, an obvious limitation with the ethical weights is that they are strictly descriptive and empirical. They are solely based on answers given by members of the ethical committees, and not directly supported by normative arguments.
Conclusion
In summary, ethical weights were derived for typical clinical signs of toxicity associated with testing involving laboratory rodents by asking members of Animal Ethics Committees in Sweden to grade signs and symptoms of distress. There were no significant differences between the weights assigned by political nominees, representatives of animal welfare organizations and researchers. Body weight loss was rated as the least severe outcome, and hunched posture was considered the most severe. We propose that ethical weights with cardinal properties 12 animals) does not reduce the measure of the total ethical cost.
Several attempts have been made to assess animal distress on the basis of behavioral or physiological responses rather than expert scoring. For example, Langford and colleagues (Langford et al., 2010) developed the mouse grimace scale for assessing degrees of pain from the facial expressions of the laboratory mouse. Changes in facial expression correlated in a dose dependent manner with other pain assessments, such as the pain reflex responses employed in preclinical pain research, and the painful face disappeared upon administration of morphine. Physiological measures utilized to assess the pain and distress associated with animal experiments include non-invasive measurement of stress hormone metabolites in feces and of amylase levels in saliva (Kolbe et al., 2015; Matsuura et al., 2012) . However, background knowledge of the metabolism and excretion of metabolites in relationship to age, sex, strain and circadian rhythm is required, and each experimental situation must be carefully validated with respect to sampling and analytical procedures. In addition, although these approaches may provide more objective information about animal distress, this information cannot be added up in a meaningful way and thus cannot be used to directly estimate ethical costs.
When ethical weights are assigned cardinal properties, it becomes possible to give the experience suffered by each animal a numeric value. These weights could then be applied to different study designs in toxicity testing where defined dose groups are used and the risk of clinical signs of toxicity is dose dependent. Consider a traditional cancerogenicity test with equally sized dose groups, e.g., 4 dose groups with 50 animals per group (control-low-mid-high doses). In this case the probability of experiencing a relatively mild clinical sign with an ethical weight of 5 (corresponding to a 10% weight loss here) is 0%, 5%, 15% and 40% in the control, low, medium and high dose group, respectively. The presumed ethical weight for an individual animal can then be calculated as follows:
Ethical weight = p sign × w sign + (1 -p sign ) × w nosign where p sign is the probability that an animal experiences a specific clinical sign, w sign is the ethical weight of that sign and w nosign is the ethical weight of an animal that does not experience any clinical signs. Accordingly, the weights will be 1 for a control animal, 1.2 for a low dose animal, 1.6 for a mid dose animal and 2.6 for a high dose animal, and the total estimated suffering would be 320 (50 × 1 + 50 × 1.2 + 50 × 1.6 + 50 × 2.6). With such an approach, ethical weights can provide an additional tool for optimal design of experiments. Instead of designing experiments to have as few animals as possible they will be designed to minimize the total ethical cost (Öberg, 2010) .
Others have examined the cost-effectiveness of various test strategies with respect to regulatory (Nordberg et al., 2008) or economic (Gabbert and van Ierland, 2010) value. Nordberg and colleagues concluded that within the classification and labelling system, to perform short-term testing of a larger number of substances appears to be more efficient than to perform subacute toxicity studies on substances already tested for acute
